The kinetics characteristics of oxygen evolution in thylakoids prepared from barley (Horeum vulgare) seedlings grown in the presence of different jasmonic acid (JA) concentrations were studied. In comparison to control preparations, 100 micromolar JA-treated samples show an inhibition of the Hill activity (46%) and of 02-flash yields to above 70%. A damping in the oscillations of 02 yields, induced by a flash train, increases with increasing growth regulator concentration. After these treatments, the value of the total number of oxygen-evolving centers (So + SI), estimated according to the Kok scheme, shows a considerable decrease. In 100 micromolar JA-treated preparations, the turnover half-time of Si-states increases and the stability of the S2-and S3-states decreases.
JA2 and its methyl ester, JA-ME, have joined the group of endogenous plant growth regulators in recent years. Studies carried out previously were directed toward the biosynthesis, metabolism, and translocation of this new type of growth regulator. JA is widespread in plants (l1, 18), but little is known about its function or physiological action. To a certain extent the action of JA is similar to the inhibiting effect of ABA on the processes of germination and senescence, and JA is also similar in its action on stomata. For instance, JA and JA-ME inhibit growth (4, 17, 23) , regulate pollen germination (22) , and accelerate the aging ofthe leaves (1 9, 20) . According to data published by Satler and Thimann (1 7), the exogenous treatment of barley leaves with JA-ME causes closure of the stomata, increases dark respiration, and accelerates protein hydrolysis.
Plants treated with JA reveal changes in a number of photosynthetic parameters, such as a decrease in the rate of photosynthetic CO2 fixation and in the activity of Rubpcase. There are considerable increases in the rates of dark respiration and photorespiration, in the CO2 compensation point value, and in the stomatal resistance (12) .
These results suggest that one ofthe physiological functions of JA may be to directly or indirectly inhibit certain photo- ' This work was supported by funds from the Institute of Plant Physiology at the Bulgarian Academy of Sciences.
2 Abbreviations: JA, jasmonic acid; JA-ME, methyl ester of JA; ADRY, accelerating agents (acceleration of the deactivation reactions of the water-splitting enzyme system Y); Rubpcase, ribulose-l,5-biphosphate carboxylase; S-states, various oxidation states in the water-splitting process; Z, primary electron donor to P680. synthetic reactions. Ensuing from the phytohormonal nature of JA and JA-ME, it is possible to speculate that these substances, much like a number of other phytohormones, have an indirect effect on photosynthesis, mediated by stomatal closure. However, not all changes observed can be ascribed to this effect alone. Discussions are under way also about a direct effect of phytohormones on photosynthesis. For instance, according to Raschke and Hedrich (14) , in addition to its effect through the stomata, ABA has a direct effect on the photosynthetic machinery, although this mechanism has not been clarified. A recent paper by Popova et al. (13) adduced experimental data about the direct effect of JA on the biosynthesis of the total soluble protein; in particular, on the synthesis of Rubpcase in barley leaves.
JA influence on the light-induced reactions of photosynthesis has not been investigated. Data about changes in the electron-transport reactions and about photosynthetic oxygen evolution, taking place under the influence of the growth inhibitor, could furnish useful information about JA mechanism of action.
This paper reports on the kinetics of 02 evolution in thylakoids from barley plants cultivated in the presence of increasing JA concentrations. The data have been examined within the framework of an effect by the growth regulator on the chloroplast membrane structure and on the 02-evolving apparatus, respectively.
MATERIALS AND METHODS Plant Material
Seeds of barley (Hordeum vulgare L., var Alfa), were cultivated for 3 d between two layers of moist filter paper at 25°C in the dark. Then they were transferred to Petri dishes containing 40 mL distilled water or JA solutions (1.0, 10, and 100 uM JA). One hundred micromolar JA has a strong inhibiting effect on the seedlings, which makes it necessary for them to be cultivated on water during the first day after their transfer to Petri dishes. In all other cases, treatment with JA was for 7 d. During the experimental period the plants were cultivated in a chamber illuminated by a white luminescence lamp of 35 W.m-2, at 12 h light/dark periods. The diurnal temperature was 25°C/20°C, and RH was about 50%. The JA solutions were changed every 24 h.
Thylakoid Membrane Preparation
Fresh chloroplasts (thylakoids) were isolated according to Yamomoto et al. (21) and were suspended in a medium 
Measurement of Oxygen Evolution
The 02 flash yields were recorded at room temperature with a rate 02 electrode of the Joliot type (6) and a universal polarograph OH-105 (Radelkis, Hungary). The samples were approximately 80 ,uL in volume and the Chl concentration was about 300 ,g/mL. Using the 80 ML sample volume instead of the 4 ML in the original Joliot electrode increases the reproducibility in the 02 flash yields. After a dark incubation for 30 min at 0°C the suspension was placed on electrode and kept in darkness for 10 min. The 02 flash yields were examined with a train of short saturating flashes (4J, t½/2 = 8 MIs) spaced by 0.5 s.
The turnover kinetics of the 02 evolving centers were estimated by the amplitude of 02 yields induced from a group of four flashes spaced with variable dark intervals between the successive flashes after 5 min dark incubation using a slightly modified method (2, 8) .
The deactivation of the S2 and S3 states was investigated after reaching steady state distribution according to the method of Forbuch et al. (5) . Figure 1 shows the 02 flash yield patterns under the effect of increasing concentrations of the JA applied at the growth of the plants. The amplitude of the flash yields decreases with the increase in the concentration of the growth inhibitor. The application of high JA concentration of 100 gM reduces the maximum yield of the third flash by 78% compared to the value of the amplitude in the control. Much like the controls, the plants treated with 1 and 10 ,M JA show a maximum at the third flash and damping oscillations at a period of four. Unlike them, the damping of the flash oscillations is appreciably accelerated at the high JA concentration of 100 uM, and they reach stationary level after the fifth flash. This behavior may be explained by the rise in the coefficients of the 'misses' (a) and of the 'double hits' (p3). The values of the misses, obtained by means of the least squares fit carried out on experimentally observed flash patterns using the general expression of Kok's scheme, show a twofold increase at 100
RESULTS
Mm JA, in comparison to the controls (Table I ). The double (10) .
In order to clarify the effect ofJA treatment on the turnover time of the S-states the 02 yields from the first four flashes generated in a group, involving variation of the dark interval between two neighboring flashes from 300 to 0.1 ms were investigated. The individual turnover times calculated on the basis of Kok's model using the 'trial-error' method are presented in Table II aThe 02 yields after the third flash (Y3) in dependence on the spacing between the first and the second flashes at 300 ms dark interval between the second and the third flashes were fitted using the expression Y3(At) = Ao(1 -e.k,) + Bo(1 -e-k2j). b The Y3 as a function of the dark interval between the second and the third flashes (300 ms spacing between the first and the second flashes) was fitted using the same expression for Y3(At).
ms. This means that the turnover half-times presented in Table II Under the influence of JA there appears an acceleration of the deactivation of the S2 and S3 states (Table II) . The lower stability of the more highly oxidized S2 and S3 states, as well as the increase of the misses and the acceleration of the damping of the oscillations at the high concentrations of the JA, may be explained by the assumption that the latter is a reagent accelerating the deactivation of the S-states, i.e. an ADRY reagent (15) . If this assumption is correct, JA applied exogenously to isolated thylakoid preparations from barley must show the same effect, since it is well known that the ADRY agents react directly with the trapped holes (the oxi- dizing equivalents) of the water-splitting enzyme system and accelerate the deactivation of the S-states (16) . Our attempts at establishing a direct effect of this growth substance on the S state deactivations and on the Hill reaction activity yielded no positive result and, regardless of the existing analogy in the effect of the ADRY reagents and in the in vivo applied JA, the latter may not be referred to the group of chemical substances accelerating the deactivation processes of the water-splitting enzyme system.
In fact, many different causes could be supposed to explain the observed changes in the kinetic behavior ofthe 02 evolving centers (1) . In all probability, upon cultivating the plants in the presence of JA there appear certain changes connected with the degree of structuring of the granal regions or in the structural integrity ofthe electron transport chain itself. There is a definite similarity in the effects of JA and of ABA, whose action on the kinetic characteristics of 02 evolution has been recently examined (10) , the assumption being it is realized through changes in the chloroplast structure. This fact that ABA greatly influences the intrachloroplast structure has been well documented (3, 7) , but the assumption concerning JA needs further investigation in order to be clarified. It may be hypothesized that the increase in the photochemical misses, the acceleration of the deactivation of the S2 and S3 states, and the decrease in the overall number of the centers under the action ofthe in vivo applied JA are the result ofan increase in the degree of participation of the cooperative mechanism for oxygen evolution (9, 25) . According to earlier studies of ours, this mechanism is connected with the functioning of the centers mainly in the stroma-situated thylakoid membranes (24) . In this case, the 02 precursors (the positive charges) obtained at different 02 evolving centers (S-states) may diffuse and may cooperate, this being accompanied by raising the degree of misses, due to the increasing of the turnover time of the slow component and by higher rates of deactivation. This leads to a decrease in the number of 02-evolving centers functioning by the noncooperative (Kok) mechanism and to the appearance of 02 oscillations of lower amplitudes. On the other hand, the results about Hill reaction activity pointed out that some alteration in the state of components of the electron transport chain (for example reduced QB/PQ ratio) are also involved, which could lead to the increase of the misses parameter.
The results obtained point to an effect of JA on the processes of photosynthesis, which is different from the well documented indirect influence of phytohormones by means of stomata. Further studies are necessary to determine the precise mechanism of action of phytohormones, applied in vivo, on photosynthetic 02 evolution.
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